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VOLUME  TABLES  AND  EQUATIONS  FOR  YOUNG-GROWTH 
WESTERN  HEMLOCK  AND  SITKA  SPRUCE 
IN  SOUTHEAST  ALASKA 

by 

Robert  S.  Embry  i/  and  Paul  M .  Haack  2/ 


INTRODUCTION 

The  equations  and  tables  presented  here  provide  a  means  to  estimate 
total  cubic-foot  and  board-foot  volume  for  western  hemlock  and  Sitka  spruce 
young-growth  timber  in  southeast  Alaska.    Given  field  measurements  of 
diameter  outside  bark  at  breast  height-^    (D)  and  total  height  in  feet  (Hrp)  or 
merchantable  height  in  16.3-foot  logs  (H-j^) ,  these  equations  and  tables  will 
yield  data  suitable  for  use  in  growth  and  yield  studies,  timber  sales,  man- 
agement plans,  and  forestry  inventories. 


jy  and  2/  Research  foresters  now  at  the  Rocky  Mountain  Forest  and 
Range  Experiment  Station,  Fort  Collins,  Colorado,  and  the  Pacific  Northwest 
Forest  and  Range  Experiment  Station,  Portland,  Oregon,  respectively. 

3/  Abbreviations  will  be  used  hereafter  to  refer  to  the  following 
measures  or  points  of  measure  frequently  referred  to  in  the  text  and  tables: 

D.b.h.  -  diameter  breast  height 
D.i.b.  -  diameter  inside  bark 
D.o.b.  -  diameter  outside  bark. 


Cubic-foot  volumes  can  be  estimated  for: 

Vrp  -  the  entire  stem  including  stump  and  top 

Ml  -  the  stem  between  a  1-foot  stump  and  4-inch  top  d.i.b. 

V2  -  the  stem  between  a  1-foot  stump  and  6-inch  top  d.i.b. 

V3  -  the  stem  between  a  1-foot  stump  and  8-inch  top  d.i.b. 

International  1/4-inch  board-foot  volume  can  be  estimated  for: 

-  the  stem  between  a  1-foot  stump  and  a  merchantable  ST  (saw- 
timber)  top  taken  as  40  percent  of  d.b.h.  (outside  bark)  but 
not  less  than  6.0  inches  d.i.b.    Total  height  in  feet. 

V5     -  the  stem  between  a  1-foot  stump  and  a  merchantable  ST  top. 
Merchantable  height  in  16.3-foot  logs. 

Scribner  board-foot  volumes  can  be  estimated  for: 

V5     -  the  stem  between  a  1-foot  stump  and  a  merchantable  ST  top. 
Total  height  in  feet. 

V7     -  the  stem  between  a  1-foot  stump  and  a  merchantable  ST  top. 
Merchantable  height  in  16.3-foot  logs. 

The  basic  data  used  in  constructing  these  equations  and  tables  were 
obtained  from  527  trees  (284  spruce  and  24  3  hemlock)  felled  and  measured 
in  the  late  1920 's  and  early  1930 's.   All  trees  were  from  well- stocked 
young-growth  stands  located  throughout  southeast  Alaska.   Ages  ranged 
from  40  to  150  years.    The  average  form  class  for  both  species  was  84.-^ 

METHODS 

The  tree  measurement  data  were  compiled  and  volumes  computed  as 
outlined  by  Haack .        Predictor  equations  for  each  volume  class  (V'j-,  V^, 
V2,  V3,      ,  V5 ,  Vg,  Vy ,  and  Vg)  of  a  species  were  determined  by  regression 
analysis . 

6/' 

Variables  were  tested  at  the  95  percent  F  level  for  the  basic 

equation: 

Vi  =  b^  +  b^D  +  h^'D'^  +  b3H  +  h^D'^li  +  hc^l/D'^ 


4/  Fnrm  r.1a.<:;.q  =         @  top  of  first  16.3'  log  . 

DOB  @  BH  or  DOB  above  swell 
5/  Haack,  P.M.    Compilation  of  tree  measurement  data  by  hand  or 
computer,  Northern  Forest  Expt .  Sta.,  17  pp.   March  1964. 

6/  Boles,  J.  N.  40-series--stepwise  regression  system.    Calif.  Agr. 
Expt.  Sta.,  Dept.  of  Agr.  Econ.,  U.  of  Calif.,  Berkeley,  43  pp.  dittoed. 
June  19  62. 


Standard  deviation  of  residuals  is  commonly  proportional  to  volume  for 
such  data.    Hence,  standard  deviation  would  increase  with  increasing  values 
of  D  and  H  and,  in  effect,  the  upper  end  of  the  regression  curves  at  high 
values  of  Vj^  would  strongly  affect  positioning  of  the  lower  end  of  the  curves 
at  low  values  of  V^.    Thus,  lower      values  predicted  by  equation  might  not 
fit  the  basic  data.    To  equalize  variance  and  improve  the  fit,  weighting  was 
applied.    Since  volume  is  strongly  related  to  D  H,  weighting  the  regression 
by  (d2h)~2  should  effectively  equalize  variance.    However,  because  of  ex- 
pected merging,  unweighted  regressions  were  also  fitted  to  the  data.  Merg- 
ing might  occur,  for  example,  with  certain  combinations  of  D  and  H,  causing 
predictor  values  for  volume  class  V3  to  appear  greater  than  corresponding 
V2  values.   Variation  in  the  data  and  sample-size  distribution  would  account 
for  this . 


The  efficiency  of  weighted  vs.  unweighted  equations  can  be  determined 
in  the  manner  suggested  by  Furnival.Z/  The  two  forms  of  the  equation  fitted 
were: 

Unweighted:      Vj  =  bo  +  biD  +  bz^'^  +  b^H  +  b4D2H  +  bsl/D^ 


w  ■  v,^  ^           v.      b'       b'.     b'       b'.     b\  b' 
Weighted:         _i  =   2  +  i+     2  +  1  +     ^  +  5. 

D^H    D^H    DH      H  D'^H 

To  express  the  weighted  form  of  the  regression  in  terms  of  Vj^,  each 
term  was  multiplied  by  D^H.    The  standard  error  of  estimate  or  root  mean 
square  of  residuals  (SEy^^)  of  ^^e  weighted  form  was  de-transformed  as 
follows: 


SEy.x  in  units  of  Vi  =  SEy.^  wfd.    •  ^^tilogio  Hog^QB^n)  . 


An  approximation  of  this  is     SEy^^  wt'd.     •  (^^^^  • 

For  simplicity,  we  have  been  expressing  the  relative  efficiency  of 
weighted  vs.  unweighted  equations  as 

 SEy .X  


antilog-|^Q   (log^^QD^H)    •    SEy^j^  wt'd 
In  terms  of  variance,  the  relative  efficiency  is  greater. 


7/  Furnival,  G.  M.   An  index  for  comparing  equations  used  in  con- 
structing volume  tables .    Forest  Sci.  7:  337-341.  1961. 
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Unfortunately,  the  multiple  coefficient  of  determination  (R^) ,  an  index 
to  the  amount  of  variation  accounted  for  by  regression,  could  not  be  retrieved 
when  weighting  was  used  (table  1)  .    Much  of  the  variation  associated  with 
D^H  is  removed  by  the  weighting  technique  before  the  actual  regression  is 
performed.    Thus,  the  part  of  the  variation  removed  as  a  result  of  weighting 
does  not  appear  in  . 

Weighting  was  helpful  in  all  of  the  16  volume  equations  (table  1) .  Only 
the  equations  of  the  final  stepwise  results  were  used. 

For  the  cubic-foot  equations  examined,  the  regression  coefficient  for 
D^H,  the  power  variable ,  rounded  to  0.002. 

The  equations  used,  their  precision,  and  the  methods  of  coping  with 
merging,  if  present,  are  given  in  footnote  1  of  each  volume  table. 

PRECAUTIONS  IN  APPLICATION 

The  user  may  need  occasionally  to  extend  volumes  beyond  the  presented 
tabular  limits  of  D  and  H.    This  can  cause  merging  among  volume  classes.  If 
it  does,  a  correction  based  upon  subjective  interpretation  is  the  recommended 
solution.    The  user  should  adjust  equation-derived  volumes  in  what  he  thinks 
to  be  the  most  logical  manner.    Such  adjustments  should  rarely  be  necessary, 
however,  for  few  trees  ar^e  expected  to  occur  beyond  the  range  of  the  tables. 

All  basic  data  were  from  forest-grown  trees;  therefore,  the  equations 
and  tables  may  not  give  accurate  estimates  of  volume  for  open- grown  trees. 
Volumes  of  the  latter  may  vary  considerably  from  forest-grown  trees  due,  ap- 
parently, to  differences  in  form.    Volume  estimates  for  open-grown  trees 
should  be  obtained  by  double  sampling  for  the  range  of  diameters  and  heights 
encountered,  then  applying  correction  factors  to  the  tabular  volumes  presented 
here . 


Table  1  .--Precision  and  efficiency  data  for  the  final  weighted 
volume  equations  by  species  and  volume  class 


CUBIC  FOOT 

Species 

Volume  class 

SEy  ,x(percent) 

Efficiency,  wt'd.  vs.  unwt'd. 

(as  a  ratio  of  standard  errors) 

Hemlock 

6.30 

1.92 

^1 

7.23 

1.76 

V2 

8.66 

1 .60 

V3 

10  .40 

1.41 

Spruce 

6  .04 

2.73 

^1 

6.57 

2.56 

7  .13 

2  .42 

V3 

8  .08 

2.21 

BOARD  FOOT 

Hemlock 

V4 

11 . 19 

1.66 

V5 

8.46 

1.53 

V6 

11 .48 

1 .66 

V7 

9  .34 

1.55 

Spruce 

V4 

10.23 

1.98 

V5 

6.92 

1.88 

V6 

10.51 

2  .04 

V7 

7.35 

2.03 
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